abstract BACKGROUND AND OBJECTIVE: Many patients with Medicaid do not receive timely, comprehensive well-child care through the Early and Periodic Screening, Diagnosis, and Treatment (EPSDT) program. Missed opportunities for EPSDT well-child check-ups (WCCs) at acute visits contribute to this problem. The authors sought to reduce missed opportunities for WCCs at acute visits for patients overdue for those services.
Early and Periodic Screening, Diagnosis, and Treatment (EPSDT) is Medicaid' s comprehensive and preventive child health benefit for children younger than 21 years. 1 EPSDT screening exams are essentially synonymous with well-child check-up (WCC) visits and include a comprehensive health and development history, an unclothed physical exam, immunizations, laboratory tests, anticipatory guidance, and hearing, vision, and dental services. 2 These EPSDT screening exams are the hallmark of the EPSDT program and serve as the foundation of well-child care for children with Medicaid. 3 In addition to receiving immunizations and developmental screenings, children who have regular EPSDT care are less likely to have unexpected hospitalizations or emergency department visits. [4] [5] [6] While there have been steady increases in EPSDT screening rates nationally, large gaps in coverage still remain particularly among older children. 7, 8 These aggregate screening rates do not address rates at the practice or provider level, nor do they give any sense of the number of missed opportunities for these services.
A missed opportunity is defined as any patient encounter where an intervention is recommended yet not performed. Many studies have examined missed opportunities for preventive services, primarily related to immunizations. [9] [10] [11] [12] [13] [14] [15] However, immunization status alone is a poor indicator for other aspects of comprehensive well-child care provided through EPSDT. 16 While families are willing to receive immunizations at acute visits, 17 immunizing at acute visits has been shown to reduce the likelihood of patients returning for WCCs. 18 Outside the work focused on immunizations and other piecemeal components of well-child care, little has been done looking at missed opportunities for complete well-child care at acute visits.
In 2007, Children' s Hospital Primary Care Clinic at Vanderbilt (CHPCC) embraced medical home principles as defined by the American Academy of Pediatrics (AAP), 19 and this forced us to assess our ability to provide comprehensive and accessible care. Recognizing the contextual limitations of a resident continuity clinic as a medical home, this project was one of several implemented by clinic staff to deliver care more consistent with medical home principles. Initial data showed that 51% of patients in our practice were not up-to-date for WCCs and that many children had multiple missed opportunities for these services at acute visits. Our aim was to use quality improvement (QI) methods to develop a clinic system to improve WCC delivery at acute visits by reducing missed opportunities for children who were overdue for WCCs at acute visits by 50% within 1 year. We adopted a simple people-processtechnology framework frequently used in informatics as the basis for our interventions and determined key drivers for the project (Fig 1) . 20 (4) and no WCC (never had a documented WCC in our clinic, flagged white). As the recommended intervals between visits change as children grow, we developed age-specific cut-offs based on the best clinical judgment of the team as shown in Table 1 .
METHODS

Setting
The pediatrics preventive dashboard calculated current EPSDT status based on clinical documentation in the EMR. It also included indicators for blood pressure percentiles, BMI percentiles, height, weight, and influenza vaccine status (Fig 2) . For the purposes of this QI project, we focused on reducing missed opportunities related only to EPSDT status.
The team then developed a standardized process for clinic staff to follow once an overdue patient called or presented for care. Since 80% of acute visits were scheduled through telephone triage nurses, we developed a protocol for triage nurses to schedule patients differently according to EPSDT status (Fig 3) . To capture the 20% of patients who presented as walk-ins (including many patients who do not speak English), front desk staff were given a similar protocol. 
Measurement and Analysis
Baseline (all of 2009) and early intervention (January through May 2010) WCC conversion rates were determined through chart review of each acute visit billed as a WCC. For the full intervention period (June 2010 through May 2011), data were retrospectively collected by chart review from each weekday acute visit for patients older than 2 months. We excluded Saturday visits since patients from other practices are seen during that clinic. For each encounter during the full intervention period, we collected current EPSDT status, whether the acute visit was converted to a WCC, future appointment status, and whether a future appointment was completed. A conversion visit was defined as an acute appointment that was subsequently 
FIGURE 2
Pediatrics preventive dashboard including color-coded EPSDT status indicator.
documented as a WCC within the EMR. Billing data were also used to confirm that a WCC was performed. A research assistant collected, stored, and managed data by using REDCap (Research Electronic Data Capture) electronic data capture tools hosted at Vanderbilt University. REDCap is a secure, Web-based application designed to support data capture for research studies. 22 Each month, the number of conversion visits was plotted on a run chart. We used probability-based rules to detect nonrandom signals of change within the data including tests for shift ($6 consecutive points above or below the median), trend ($5 consecutive points all going up or all going down), runs (too many or too few crossings of the median line), or an astronomical value. 23 A new median line was redrawn after a clear nonrandom shift and astronomical value were detected in June 2010.
RESULTS
Baseline Data
Review of billing data for all acute visits from 2009 showed that we averaged 10.3 conversion visits per month before any of our interventions (median, 9.5).
Monthly acute visits during that time ranged from 913 (June 2009) to 1651 (September 2009) (Fig 4) .
Intervention Data
During the phase from January 2010 through May 2010, there were 5472 weekday acute visits for patients 2 months and older, and the average number of conversion visits was 27.6 per month. After full implementation including the triaging and scheduling process, the average number of conversions per month rose to 86.7 with a median of 90.5. For the 12 months after full implementation in June 2010, there were 13 801 weekday acute visits for patients 2 months and older (Fig 5) 
FIGURE 3
Scheduling process for acute visits for patients based on EPSDT status. Note: resident physicians were asked to do WCCs at acute visits if the NP was not available.
QUALITY REPORT slightly surpassed our aim of 50%. While our interventions were primarily intended for patients who were overdue for WCCs, there was spillover benefit for patients with no previous WCCs and also for those who were due for services. For eligible patients who were due, 29.1% (341) were converted, and for eligible patients with no previous history of any WCC in clinic, 28.6% (154) were converted to WCCs.
The study also demonstrated the effect of deferring WCCs for patientswho were not up-to-date. If a patient already had a scheduled WCC appointment, the appointments were kept 65% to 77% of the time. However, if a WCC were deferred and scheduled in the future, only 53% to 58% of those appointments were completed. For patients who were not up-to-date and who did not already have an appointment scheduled, 28% to 46% of them did not schedule a future appointment.
Overall, resident physicians were less likely to convert acute visits to WCCs than was the NP (28.8% of eligible overdue opportunities for residents were converted vs 78.8% for the NP). Given the far greater volume of acute visits at which patients were seen by residents, however, almost half of all conversion visits for patients who were not up-to-date were completed by resident physicians (508 by residents, 539 by NP).
A complete financial analysis of the project is beyond the scope of this report (available on request), but this effort produced $45 000 in additional revenue, more than enough to offset the NP' s 0.375 FTE dedicated to conversion visits. Perfect provider billing that captured both well and acute services would have produced an additional $26 000 in revenue.
DISCUSSION
This project demonstrated that WCCs can be incorporated into acute visits by using QI techniques focused on key drivers related to people-processestechnology. This comprehensive approach to well-child care at acute visits eliminates concerns about families not returning for WCCs if only immunizations are given at acute visits and clearly builds on the data that families are willing to receive needed well-child care at acute visits. 17 We found that deferring needed WCCs at acute visits meant that for many children, future appointments would not be scheduled or kept, underscoring the need to perform WCCs at acute visits when feasible.
One of the key innovations of this project was the ability to define EPSDT status in a way that was practical, easily derived, and usable at the patient and practice levels. The electronic EPSDT indicator allowed technology to drive the people and process changes. While electronic reminders alone have had mixed success driving focused preventive interventions in other settings, 9,10,24-26 the integration into a broader process worked well here. We believe this was successful because the indicator was easily accessible by all clinic staff, was colorcoded, and was clearly linked with well-defined processes for each staff member. This standardized definition of EPSDT status could readily be adopted by other general pediatrics practices and could also be used for appointment outreach and recall.
The project additionally demonstrated the success of integrating NPs into academic pediatrics practices, and it also shows some willingness of resident providers to provide well-child
FIGURE 4
Run chart for number of weekday acute visits converted to WCCs for patients $2 months old. The x-axis shows month, year, and total acute visits for patients $2 months old.
care at acute visits. Earlier work by Hull et al described the feasibility of using registered nurse-based protocols to incorporate EPSDT services. 27 Their study was based on a much smaller convenience sample while ours showed success with large-scale implementation integrating both resident providers and NPs. By billing for both WCCs and acute visits at conversion visits (both allowed and encouraged by TennCare), we were able to provide all needed services within a model that may be financially sustainable.
There were limitations with this project. First, we based our interventions on EPSDT indicators that were only visible within our institution' s medical record: we could not determine if a child had received well-child care outside our system of care. This would potentially overestimate the number of children who needed WCCs. Second, we do not have retrospective data about EPSDT status for children seen at acute visits before the intervention; however, we do not believe there were significant access, demographic, or other changes in the period between baseline and intervention. Third, we did not study balancing or mitigating measures such as changes in cycle times, nursing workload, or patient and provider satisfaction with this project.
Additionally, while these visits were staffed, reviewed, and attested by attending pediatricians through the clinic' s usual review process, we did not perform an analysis to determine if there were differences between the quality of care delivered at typical WCCs compared with conversion visits. Future analysis should determine if there were differences in the level of well child care provided at conversion visits compared with typical check-ups. Furthermore, while we were able to determine that our system of care was potentially sustainable within the scope of our clinic, we were not able to perform a broader financial analysis of the larger societal or health system implications of providing well-child care at acute visits.
Despite these limitations, we believe this approach to recognizing and providing WCCs at acute visits could be replicated at other academic practices. Even for clinics without the ability to hire new practitioners, the processes for 
FIGURE 5
Project flowchart by EPSDT status, future appointment status, and WCC conversion status.
QUALITY REPORT recognizing and treating patients who need well-child care at acute visits could lead to increased delivery of these services.
CONCLUSIONS
By determining key drivers focused on people-processes-technology, we developed a feasible and practical system of care that allowed for improved delivery of needed WCCs at acute visits. We demonstrated that families were willing to receive comprehensive well-child care at acute visits and that deferring needed checkups meant that many patients would not return for care. Through our interventions, both NPs and resident physicians worked to make wellchild care more accessible for our patients, and we were able to provide these services in a potentially financially sustainable way. We believe this approach could change how well-child care is delivered at academic practices and could be replicated at other academic practices that care for underserved children. 
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